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(54) COMPOUND SEMICONDUCTOR LIGHT EMITTING DEVICE AND ITS MANUFACTURING 
METHOD 



(57) A compound semiconductor light emitting de- 
vice for preparing a chip which improves the light extrac- 
tion efficiency, enables mounting of easy positioning 
with only once wire bonding, and leads to a reduction in 
the manhour. One face of an Insuiative substrate (11 ) is 
overlaid with a semiconductor layer (4) consisting of a 
plurality of semiconductor thin films to fomi an active 
layer (1 5). One electrode (33) is formed on the top face 
of this semiconductor layer (4), and the other electrode 
(33) on the other face of the Insuiative substrate (11). 



For the exposure of a first semiconductor thin film layer 
(1 3) connected to the other electrode (33), the semicon- 
ductor film over the first semiconductor thin film layer 
(13) Is removed to form an exposure region (10). This 
exposure region (1 0) is provided with a through hole (2) 
penetrating through the insuiative substrate (11) and 
first semiconductor thin film layer (13). 
The first semiconductor thin film layer (1 3) and the other 
electrode (33) are electrically connected with a conduc- 
tive material (3) fonmed on the through hole (2). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a compound 
semiconductor light emitting device such as a blue light 
emitting diode and a blue laser diode as well as Its man- 
ufacturing method. This invention particularly relates to 
a light emitting device comprising a nitride-based com- 
pound semiconductor epitaxially grown on an insulative 
substrate such as a sapphire substrate, and its manu- 
facturing method. 

Description of Prior Art 

[0002] Epitaxial growth of nitride-based compound 
semiconductors used for blue light emitting diodes, blue 
laser diodes and the like is generally performed on a 
sapphire (AI2O3) substrate whose lattice constant is 
similar to that of the nitride-based compound semicon- 
ductors. Fig. 23 illustrates an example of a basic struc- 
ture of a blue light emitting semiconductor device com- 
prised of a nitride-based compound semiconductor. A 
buffer layer 220 made of Alj^Ga^.^N (0^X^1 ) for exam- 
ple is formed on a sapphire substrate 21 0, and an n-type 
contact layer 230 made of n-type GaN doped with silicon 
(St) for example is f omiied on the buffer layer 220. An n- 
type cladding layer 240 made of n-type AI^Ga^.^N 
(0^X^1) doped with silicon (Si) for example is formed 
on the n-type contact layer 230. A multi-quantum well 
structure active layer 250 having a composition of 
Alalni,Ga^.a.^N (O^a, O^b, a+b^l) for example is 
fomned on the n-type cladding layer 240. On this active 
layer 250, a p-type cladding layer 260 made of p-type 
AIyGb^.yN (O^Y^I)doped with magnesium (Mg) for ex- 
ample is formed, and a p-type contact layer 270 made 
of p-type GaN doped with magnesium (Mg) is fonned 
on the p-type cladding layer 260. 
[0003] A p-type electrode 280 Is provided on a surface 
of the p-type contact layer 270. A part of the laminated 
semiconductor layer Is etched to expose the n-type con- 
tact layer 230, on which an n-type electrode 290 is pro- 
vided. 

[0004] Electric current does not pass between the 
electrodes when the electrodes are respectively provid- 
ed on a rear surface of the substrate and a front surface 
of the semiconductor layer to bring a pair of electrodes 
like a conventional light emitting device comprising a 
conductive substrate because the sapphire substrate 
behaves as an insulator. 

[0005] Therefore, as described above, a part of the 
semiconductor layer is removed from its front surface 
so that a semiconductor layer of one conductivity type 
Is exposed and an electrode of the other conductivity 
type is fonned on the remaining front surface. Thus, the 
nitride-based compound semiconductor light emitting 
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device delivers performance by conducting electricity 
through a pair of electrodes, both of which are provided 
on the front surface side of the semiconductor layer. 
[0006] With this structure, the light extraction efflcien- 

5 cy is low since the pair of electrodes existing on one side 
of the semiconductor device shade a lot of light. Also 
the pair of electrodes existing on one side of the semi- 
conductor device require wire-bonding at least twice. 
When a chip is mounted face down on a board, the elec- 

10 trodes on the chip must be accurately aligned with cor- 
responding electrodes on the base, involving difficulty 
in precise alignment. 

[0007] By the way a semiconductor light emitting de- 
vice comprising a sapphire substrate with a contact hole 
to make contact with a semiconductor layer from the 
sapphire substrate side is disclosed in JP1 73235/1 998, 
A. This semiconductor light emitting device comprises 
a sapphire substrate, wherein a rear side thereof is ter- 
raced, and a contact hole is provided to a thin-walled 
20 part of the terraced rear side of the substrate by reactive 
ion etching so as to make a semiconductor layer ex- 
posed. 

[0008] It is surely possible to contact the semiconduc- 
tor layer from the sapphire substrate side, and the elec- - 
25 trodes are separately disposed on the substrate side 
and the semiconductor layer side in the semiconductor 
light emitting device disclosed in the above-mentioned 
specifk:ation. 

[0009] However, the manufacturing process of this 
30 device becomes complicated because the substrate 

must be ten^aced in advance to fomn the contact hole by 
reactive ion etching, which may cause frequent cracks 
in the substrate. 

[0010] One of the objectives of the present invention 
35 is to Improve the light extraction efficiency. Another ob- 
jective is to provide a chip which enables mounting of 
easy positioning with only once wire bonding, and leads 
to a reduction in the manhour. A further objective of the 
present invention is to provide a device with reduced 
<o numbers of manufacturing processes and increased 
process yield by reducing occun^ence of cracks in sub- 
strates. 

SUMMARY OF THE INVENTION 

45 

[0011] The present invention is characterized by a 
compound semiconductor light emitting device compris- 
irig an insulative substrate, a semiconductor layer In- 
cluding a plurality of semiconductor thin films laminated 

50 on one surface of the insulative substrate to form an ac- 
tive layer, one electrode provided on top surface of the 
semiconductor layer, the other electrode provided on 
the other surface of the insulative substrate, an expo- 
sure region formed by removing semiconductor films on 

55 a first semiconductor thin film layer so that the first sem- 
iconductor thin film layer to be connected to the other 
electrode is exposed, a through hole fomned in the ex- 
posure region so as to penetrate the insulative substrate 
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and the first semiconductor thin film layer, and an elec- 
trical path formed in the through hole to electrically con- 
nect the first semiconductor thin film layer and the other 

electrode, as recited in claim 1 . 

[0012] Also, the present invention is characterized by 5 
that the electrical path is comprised of either a conduc- 
tive material fomned on a wall inside the through hole or 
a conductive material filled in the through hole, as recit- 
ed in claim 2. 

[001 3] Additionally, the present invention is character- 
ized by that the electrode for the electrical path provided 
on the other surface of the insulative substrate compris- 
es a pad electrode for wire bonding, as recited in claim 3. 
[0014] The present invention is further characterized 
by that the insulative substrate is a sapphire substrate, 
and the semiconductor thin film layer is a gallium nitride 
compound semiconductor layer, as recited in claim 4. 
[001 5] Additionally, the present invention is character- 
ized by that the one electrode is electrically connected 
to a base, and light is extracted mainly from the insula- 
tive substrate side, as recited in claim 5. 
[0016] The present invention is also characterized by 
that a diameter of the through hole ranges from 30pjn 
to 100|im, as recited in claim 6. 
[0017] The present invention is characterized by that 
a groove or a longitudinal hole in addition to the through 
hole is formed in the insulative substrate so that the elec- 
trode provided on the other surface of the insulative sub- 
strate and the first semiconductor thin film layer are elec- 
trically connected through an electrical path in addition 
to the electrical path, as recited in claim 7. 
[0018] The present invention is characterized by a 
manufacturing method of a compound semiconductor 
light emitting device comprising laminating a plurality of 
semiconductor thin films to forni a semiconductor layer 
on one surface of an insulative substrate in order to form 
an active layer, and providing one electrode on top sur- 
face of the semiconductor layer, and the method further 
comprising forming an exposure region by removing 
semiconductor films on a first semiconductor layer so 
that a first semiconductor thin film layer to be contacted 
with the other electrode is exposed, forming a through 
hole in the exposure region so as to penetrate the insu- 
lative substrate and the first semiconductor layer by la- 
ser-processing, and electrically connecting the elec- 
trode provided on the other surface of the insulative sub- 
strate and the first semiconductor thin film layer through 
an electrical path formed in the through hole, as recited 
In daim 6. 

[001 9] Also, the present invention is characterized by 

that the through hole penetrating the device Is fonned 
In the exposure region by irradiating a laser from the 
laminated semiconductor layer side, as recited in claim 
9. 

[0020] Additionally, the present invention is character- 
ized by that an inside of the through hole is cleaned by 
dry etching after the through hole is formed, as recited 
in daim 10. 
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[0021] The present invention is further characterized 
by that an inside of the through hole is cleaned by dry 
etching using chloride or fluoride gas after the through 
hole is formed, as recited in claim 11 . 
[0022] The present invention is characterized by that 
a wafer including a plurality of the light emitting devices 
is divided into individual light emitting devices along 
grooves formed by laser-processing, as recited in claim 
12. 

[0023] The present invention is characterized by that 
semiconductor layers damaged by laser-processing are 
removed by dry etching using chloride or fluoride gas 
after the grooves are formed, as recited in claim 13. 
[0024] The present invention is further characterized 
by that laser-processing for fomning the grooves Is per- 
formed from the Insulative substrate side, or from the 
laminated semiconductor layer side, or from both the in- 
sulative substrate side and the laminated semiconduc- 
tor layer side, as recited iri claim 14. 
[0025] The present invention is characterized by a 
compound semiconductor light emitting device compris- 
ing an insulative substrate, a semiconductor layer in- 
cluding a plurality of semiconductor thin films laminated 
on one surface of the insulative substrate to form an ac- 
tive layer, one electrode provided on top surface of the 
semiconductor layer, the other electrode provided on 
the other surface of the insulative substrate, a longitu- 
dinal hole fomfied by laser-processing, the hole pene- 
trating the insulative substrate and having a depth 
reaching a first semiconductor thin film layer to be con- 
nected to the other electrode, and an electrical path 
made of a conductive material fonned in the longitudinal 
hole to electrically connect the first semiconductor thin 
film layer and the other electrode, as recited in claim 1 5. 
[0026] Also, the present invention is charaderized by 
that the conductive material is wholly or partially trans- 
lucent, as recited in claim 16. 
[0027] Additionally; the present invention is charac- 
terized by that the longitudinal hole is covered with a 
pad electrode with a larger diameter than a diameter of 
the longitudinal hole, as recited in claim 17. 
[0028] The present invention is characterized by that 
the longitudinal hole is formed inside a lateral surface of 
the substrate at a constant distance from the lateral sur- 
face, as recited in claim 1 8. 

[0029] The present invention is further characterized 
by that a pad electrode is disposed apart from the lon- 
gitudinal hole on the other surface of the insulative sub- 
strate, and the pad electrode and the conductive mate- 
rial are electrically connected, as recited in claim 19. 
[0030] The present invention Is additionally character- 
ized by that a diameter of the longitudinal hole ranges 
from 30^m to 100^m, as recited in claim 20. 
[0031] The present invention is characterized by that 
a cross sectional shape of the longitudinal hole is ta- 
pered toward a depth direction, as recited in claim 21 . 
[0032] The present invention is further characterized 
by that the insulative substrate is a sapphire substrate, 
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and the semiconductor thin film layer is a gallium nitride 
compound semiconductor layer, as recited In claim 22. 
[0033] The present invention is characterized by that 
light is extracted mainly from the insulative substrate 
side, as recited In claim 23. s 
[0034] Additionally, the present invention is character- 
ized by that a plurality of the longitudinal holes are 
fomied, and conductive materials disposed in the plu- 
rality of the longitudinal holes are interconnected on the 
other surface of the insulative substrate, as recited in io 
claim 24. 

[0035] The present invention is characterized by that 
the longitudinal hole is fomned by in'adiating a laserfrom 
the insulative substrate side, as recited in claim 25. 
[0036] Also, the present invention is characterized by 
that an inside of the longitudinal hole is cleaned by dry 
etching using chloride or fluoride gas after the longitu> 
dinal hole is formed, as recited in claim 26. 
[0037] The present invention is characterized by a 
manufacturing method of a compound semiconductor 20 
light emitting device comprising laminating a plurality of 
semiconductor thin films to form a semiconductor layer 
on one surface of an Insulative substrate in order to fomi 
an active layer, and providing one electrode on top sur- 
face of the semiconductor layer, and the method further 25 
comprising forming a longitudinal hole by laser-process- 
ing so as to have a depth reaching from the other surface 
of the insulative substrate to a first semiconductor thin 
film layer to be connected to the other electrode, and 
electrically connecting the electrode provided on the 30 
other surface of the insulative substrate and the first 
semiconductor thin film layer through a conductive ma- 
terial formed in the longitudinal hole, as recited in claim 
27. 

[0038] Also, the present invention is characterized by 3S 
that a wafer including a plurality of the light emitting de- 
vices Is divided into individual light emitting devices 
along grooves formed by laser-processing, as recited in 
claim 28. 

[0039] The present invention is further characterized <o 
by that semiconductor layers damaged by laser- 
processing are removed by dry etching using chloride 
or fluoride gas after the grooves are fomried, as recited 
in claim 29. 

[0040] And the present invention is characterized by 
that laser-processing for fomiing the grooves are per- 
fonned from the insulative substrate side, or from the 
laminated semiconductor layer side, or from both the in- 
sulative substrate side and the laminated semiconduc- 
tor layer side, as recited In claim 30. so 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] 

55 

Fig. 1 is a bottom plan view from a rear side of a 
compound semiconductor light emitting device 1 
according to a first embodiment of the present in- 



vention. Fig. 2 is a cross sectional view of the com- 
pound semiconductor light emitting device 1 taken 
along the line 11-11 of Fig. 1 . Fig. 3 is a cross sectional 
view of an indicator including the compound semi- 
conductor light emitting device according to the first 
embodiment of the present invention. 
Fig. 4 is a bottom plan view from a rear side of the 
compound semiconductor light emitting device 1 
according to a second embodiment of the present 
invention . Fig. 5 is a cross sectional view of the com- 
pound semiconductor light emitting device 1 taken 
along the line V-V of Fig. 4. Fig. 6 is a bottom plan 
view of a device according to a modified example 
of the second embodiment of the present invention. 
Fig. 7 is a bottom plan view of a device according 
to another modified example of the second embod- 
iment of the present invention. Fig. 8 is a cross sec- 
tional view of an indicator Including the compound 
semiconductor light emitting device according to 
the second embodiment of the present invention. 
Fig. 9 Is a bottom plan view from a rear side of the 
compound semiconductor light emitting device 1 
according to a third embodiment of the present In- 
vention. Fig. 10 is a cross sectional, view of the 
compound semiconductor light emitting device 1 
taken along the line X-X of Fig. 9. 
Fig. 11 is a bottom plan view from a rear side of the 
compound semiconductor light emitting device 1 
according to a fourth embodiment of the present in- 
vention. Fig. 12 is across sectional view of thecom- 
pound semiconductor light emitting device 1 taken 
along the line X-X of Fig. 11 . 
Fig. 1 3 is a bottom plan view from a rear side of the 
compound semiconductor light emitting device 1 
according to a fifth embodiment of the present in- 
vention. Fig. 1 4 is a cross sectional view of the com- 
pound semiconductor light emitting device 1 taken 
along the line X-X of Fig. 13. Fig. 15 is a plan view 
of a device according to a modified example of the 
sixth embodiment of the present invention. Fig. 16 
is a plan view of a device according to another mod- 
ified example of the sixth embodiment of the 
present Invention. 

Fig. 1 7 is a bottom plan view from a rear side of the 
compound semiconductor light emitting device 1 
according to a seventh embodiment of the present 
invention. Fig. 18 is a cross sectional view of the 
compound semiconductor light emitting device 1 
taken along the line X-X of Fig. 17. 
Fig. 1 9 is a bottom plan view from a rear side of the 
compound semiconductor light emitting device 1 
according to an eighth embodiment of the present 
invention. Fig. 20 is a cross sectional view of the 
compound semiconductor light emitting device 1 
taken along the line X-X of Fig. 1 9. Fig. 21 Is a cross 
sectional view of an indicator including the com- 
pound semiconductor light emitting device accord- 
ing to the eighth embodiment of the present inven- 
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tion. Fig. 22 is a bottom plan view of a device ac- 
cording to a modified example of the eighth embod- 
iment of the present invention. 
Fig. 23 is a perspective view of a conventional de- 
vice, 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0042] The present invention wilt be described in more 
details in conjunction with the accompanying drawings. 
[0043] A first embodiment will be described by refer- 
ring to Figs. 1 and 2. Fig. 1 is a bottom plan view of a 
compound semiconductor light emitting device 1 ac- 
cording to the first embodiment of the present invention 
as seen from the rear side. Fig. 2 is a cross sectional 
view of the compound semiconductor light emitting de- 
vice 1 taken along the line ll-ll of Fig. 1 . 
[0044] The device 1 is characterized by comprising a 
hole 2 which perpendicularly passes therethrough, as 
illustrated in Fig. 2. This through hole 2 is fomned in a 
cylindrical or coned shape of 30 ^m-1 00 ^m in diameter 
by laser beams during laser-processing. The through 
hole 2 may also be formed in an hourglass shape with 
diameters of openings in the front and rear surfaces are 
wider than that in the middle. 
[0045] In this embodiment, the hole 2 of 50 fun In di- 
ameter is fomied by laser-processing. It is preferable to 
irradiate the laser from the laminated semiconductor 
layer side. The hole 2 is used as a path conducting elec- 
tricity in a perpendicular direction of the device (i.e. an 
electrical path). The electrical path Is formed by filling 
inside the hole 2 with a conductive material 3. One ex- 
ample to provide this conductive material 3 is to press 
conductive paste into the hole 2 to fill it up. 
[0046] The conductive material 3 may also be formed 
by plating. For example, after evaporating and deposit- 
ing nickel (Ni) as seed on the front surface of the hole 
2, copper (Cu) Is plated on the wall inside the hole 2 to 
serve as the conductive material 3. 
[0047] Additionally, molten solder or metallic micro- 
balls may also be used instead of conductive paste to 
fill up the hole 2. 

[0048] The device 1 comprises a semiconductor layer 
4 formed by laminating two or more semiconductor thin 
films on a substrate 11 . The substrate 11 Is an insulative 
substrate. For example, the substrate 11 is a sapphire 
substrate. In the device 1 , first conductivity type semi- 
conductor layers and second conductivity type semicon- 
ductor layers are successively fomried and laminated on 
a buffer layer 12 to fonn the semiconductor layer 4. The 
buffer layer 12 Is interposed between the substrate 11 
and the semiconductor layer 4. 
[0049] The buffer layer 1 2 and the semiconductor lay- 
er 4 are fonmed by MOCVD method for example. An ex- 
ample of the buffer layer 12 is an AlxGa^x^ (O^Xgl) 
layer of 300 nm in thickness formed on the substrate 11 . 
An n-type contact layer 13 made of an n-type GaN layer 
of 3 ^m in thickness doped with silicon (Si) for example 



is fonned on this buffer layer 12. An n-type cladding lay- 
er 14 made of n-type AlxGa^.^N (O^X^I) of approxi- 
mately 300 nm in thickness doped with silicon (Si) for 
example is formed on the n-type contact layer 1 3. A mul- 
ti-quantum well structure active layer 15 having a com- 
position of AIJnbGai.a^,N (O^a, Ogb, a+b^1) is formed 
on the n-type cladding layer 14. A p-type cladding layer 
16 made of p-type AlyGa^yN (O^Y^I) of 300 nm in 
thickness doped with magnesium (Mg) for example is 
fonned on the active layer 1 5. A p-type contact layer 1 7 
made of p-type GaN of 500 nm in thickness doped with 
magnesium (Mg) for example is fonned on the p-type 
cladding layer 16. 

[0050] The semiconductor layer 4 may also be formed 
directly on the substrate 11 without interposing the buff- 
er layer 12. 

[0051] A part of the n-type contact layer 13 (the first 
conductivity type semiconductor layer) is exposed by re- 
moving the semiconductor layers (including the second 
conductivity type semiconductor layers) laminated ther- 
eon and the exposed part of the contact layer 13 serves 
as an exposure region 1 0. The removal of the semicon- 
ductor layer 4 is perfonrned by a process including dry 
etching. The above-mentioned through hole 2 is provid- 
ed in the exposure region 10. 
[0052] To reduce damage to the semiconductor layer 
4, it is preferable to irradiate a laser from the same side 
where the semiconductor layer 4 is formed. Although the 
hole 2 is set to be a cylindrical shape with identical di- 
ameters from top to bottom, the completed hole 2 is 
slightly tapered. Alternately the through hole 2 may be 
formed by irradiating a laser from the substrate 11 side 
after in-adiating the laser from the semiconductor layer 
4 side. A laser which emits light at a wavelength to be 
absorbed in the substrate 11 is selected. 
[0053] Since the substrate 1 1 is a sapphire substrate, 
a short-wavelength laser of 500 nm or shorter is used 
here. In this embodiment, an ultra violet laser of wave- 
length 355 mn which is the third harmonic of a YAG laser 
categorized as a solid-state laser is employed. The laser 
beam is irradiated from the semiconductor layer 4 side 
to a possible center of the hole 2, which will be the a 
center of an n-type electrode, for about one (1) second 
to form the hole 2 of 50 ^m in diameter under the con- 
dition; repetition frequency (f) 3 kHz, scanning rate 0.5 
mm/second, defocus{DF)-80 and power 1.85 W. 
The diameter of the hole 2 may range from 30 ^m to 1 00 
^m by controlling def ocus(DF) and irradiating time. 
[0054] A YAG laser's fundamental frequency of 1 ,060 
nm, second harmonic of 533 nm or fourth hannonic of 
266 nm may also be employed. 
[0055] The hole 2 fonned in this way is filled up with 
the conductive material 3. Prior to filling the hole 2 with 
the conductive material 3, parts of the semiconductor 
layer 4, which were damaged through the laser process, 
are removed by dry etching. Chloride or fluoride gas 
may be used as etching gas when removing the dam- 
aged parts of the semiconductor layer by dry etching. 
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[0056] The conductive material 3 may be filled as fol- 
lows for example. First, the device is set upside down 
so that the semiconductor layer 4 is directed downward, 
and a mask made of an adhesive sheet is applied to the 
substrate 11. A portion is cut out from the masl< in de- 
sired size so that the conductive material is filled through 
the cutout portion. A conductive material such as con- 
ductive paste is filled in centering around the cutout por- 
tion of the mask. Being compressed by a spatula and 
so on, the conductive material is press-fitted into the 
hole 2. The adhesive sheet which is the mask is peeled 
off after the conductive material 3 is press-fitted into the 
hole 2 and the hole 2 is filled up with the conductive ma- 
terial 3. The conductive material 3 is then hardened by 
thermal treatment in a curing oven at a temperature of 
200*C for thirty minutes. After that, excess conductive 
material is removed by stripping solution, thereby com- 
pleting the filling process of the conductive material 3 
into the hole 2. 

[0057] If necessary, the rear surface of the substrate 
11 undergoes a backlapping process so that the thick- 
ness of the substrate 11 is reduced from 350 ^m•430 
^m to about 95 ^tm. 

[0058] An electrode 31 to make ohmic contact is 
f omied on the exposure region 1 0 of the n-type contact 
layer 13. The n-type ohmic electrode 31 is disposed on 
the exposure region 10 so as to make contact with the 
upper end of the through hole 2. The n-type ohmic elec- 
trode 31 fomied on the n-type contact layer 13 is elec- 
trically connected with the conductive material 3. If the 
conductive material 3 formed in the through hole 2 can 
make ohmic contact with the n-type contact layer 1 3, the 
conductive material 3 disposed in the through hole 2 
may also serve as the electrode 31 . In other words, the 
formation of the electrode 31 may be omitted by forming 
the conductive material 3 capable of making ohmic con- 
tact with the n-type contact layer 1 3. The conductive ma- 
terial 3 in the through hole 2 may serve as the electrode 
31 . A metallic material used to form the electrode 31 
may also be used for the conductive material 3 in the 
through hole 2. 

[0059] An electrode 32 is formed on the p-type contact 
layer 1 7 to make ohmic contact therewith. The electrode 
32 Is formed to cover the entire surface of the p-type 
contact layer 17. The electrode 32 is a reflective elec- 
trode to reflect light generated in the device 1 . 
[0060] The electrode 32 may be formed to cover only 
a part of the p-type contact layer 17 to reflect some of 
the light generated in the device 1 . The rest of the light, 
which was not reflected from this part, may be reflected 
from a member which is formed on the opposite side of 
the p-type contact layer 17 to the electrode 32, and 
which reflects the wavelength of the light generated in 
the device 1 . When light is taken out from the electrode 
32 side, the electrode 32 may be replaced with a light 
transmitting electrode through which light generated in 
the device 1 can pass. 

[0061] As illustrated in Figs. 1 and 2, an electrode 33 
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is fomied on the opposite surface (rear surface) of the 
substrate 11 to the surface where the semiconductor 
layer 4 is formed. The electrode 33 Is electrically con- 
nected to the conductive material 3 disposed inside the 

5 through hole 2. The conductive material Inside the 
through hole 2 may also serve as the electrode 33. The 
electrode 33 also serves as a pad electrode 34 with a 
predetermined thickness. Although in this embodiment, 
the pad electrode 34 is disposed to cover the through 

10 hole 2 as shown in Fig. 1 , the pad electrode 34 may also 
be disposed apart from the through hole 2. The pad elec- 
trode 34 is used for wire bonding. When the pad elec- 
trode 34 and the exposure region 10 are viewed as if 
they are on a plane, the electrode 34 and the exposure 

IS region 10 look overlapping one another. However, the 
pad electrode can be disposed so as not to overiap with 
the exposure region 1 0, for example, to a position as will 
be seen in Fig. 1 9. 

[0062] A plurality of devices 1 are fomied on a sub- 
20 strata of about two inches in diameter as a wafer (not 
shown). Afterthat, the wafer is divided into dices to fomn 
individual devtoes. For dividing the wafer, the laser 
beam used for the fomnation of the through .hole 2 may 
also be employed to form grooves for division. Grooves 
25 for division may be fomied on the opposite surtace of 
the substrate 11 to the surface where the semiconductor 
layer 4 is formed, or on the surface of the substrate 11 
where the semiconductor layer 4 is fomried, or both the 
opposite surtace of the substrate 11 to the surtace 
30 where the semiconductor layer 4 is fonned and the sur- 
face of the substrate 11 where the semiconductor layer 
4 is formed. 

[0063] When grooves for division are formed on the 
opposite surface of the substrate 11 to the surtace 

35 where the semiconductor layer 4 is fonned, the groove 
depth is set to extend from the rear surtace of the sub- 
strate 11 to just before the active layer 15. In this em- 
bodiment, the groove depth is set to be somewhat short- 
er than the thickness of the substrate 11 so that a part 

40 of the substrate 11 remains. Even when grooves are 
formed on the surtace of the substrate 11 where the 
semiconductor layer 4 is formed, the groove depth for 
division is preferably set to be 20-70% of the thickness 
of the substrate 11 . Additionally, parts of the semicon- 

45 ductor layer 4, which were damaged through laser- 
processing, should preferably be removed by dry etch- 
ing. Chloride or fluoride gas may be used as etching gas 
when removing the damaged parts of the semiconduc- 
tor layer by dry etching. 

50 [0064] Fig. 3 shows a light emitting apparatus com- 
prising the light emitting device 1 . The light emitting de- 
vice 1 is inverted so that the substrate 11 lies on top and 
is disposed on a first lead electrode 1 00. The electrode 
32 of the device 1 is electrically connected to the first 

55 lead electrode 1 00 via a conducthre material 1 01 . Atten- 
tion is needed only to adhere the lead electrode 1 00 im- 
mediately onto the conductive material 1 01 , and micro- 
scopic positioning is not needed. The electrode 31 and 
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the n-type contact layer 13 should preferably be coated 
with an insulative material 1 02 to prevent the conductive 
material 101 from contacting them. The insulative ma- 
terial 1 02 for this coating should preferably be disposed 
in the device 1 in advance to cover the exposure region 5 
10. The pad electrode 34 at the substrate 11 side and a 
second lead electrode 103 are electrically connected 
through a bonding wire such as a gold wire 104. 
[0065] When certain voltage or an electric current is 
supplied to the first and second electrodes 1 00 and 1 03, 
an electrical path is formed through the first lead elec- 
trode 1 00, the conductive material 1 01 , the electrode 32, 
the semiconductor layer 4, the electrode 31 , the con- 
ductive material 3, the electrode 33(34), the bonding 
wire 1 04 and the second lead electrode 1 03, so that light 
can be taken out from the active layer 15. If the light 
emitting device 1 is utilized for an LED indicator, the de- 
vice 1 , the electrode 1 00 and 1 03 should preferably be 
molded with resin to improve the light extraction efficien- 
cy, 

[0066] Since each of the pair of electrodes is disposed 
respectively on one side and the other side of the sub- 
strate 11 , the amount of light shaded by the electrodes 
can be reduced as compared with a conventional exam- 
ple where both electrodes are disposed on the same 
side of the substrate, resulting in improvement of the 
light extraction efficiency. Furthemnore, working efficien- 
cy in assembling work may also be improved because 
wire bonding is needed only once. The device can be 
mounted easily to a proper position by only aligning the 
p-type electrodes 32 with the base. 
[0067] Next, a second embodiment will be described 
by referring to Figs. 4 and 5. Fig. 4 is a bottom plan view 
of the device 1 , which con^esponds to Fig. 1 . Fig. 5 is a 
cross sectional view taken along the line V-V of Fig. 4, 
which con^esponds to Fig. 1 . Same reference notes are 
given to components common with the first embodiment 
shown in Figs. 1 and 2, and description of them will be 
omitted to avoid duplication of explanation. Differences 
will be described mainly. 

[0068] The device 1 is characterized by comprising a 
longitudinal hole 20 which perpendicularly extends to 
but does not pass through the n-type contact layer 13. 
This longitudinal hole 20 is formed in a cylindrical or 
coned shape of 30 ^m-100 \ijm in diameter by laser 
beams during laser-processing. The longitudinal hole 
20 may also be formed in an hourglass shape with di- 
ameters of its openings and its bottom wider than that 
in the middle. 

[0069] In this embodiment, the longitudinal hole 20 of 
50 \um in diameter is formed by laser-processing. The 
longitudinal hole 20 is used as a path conducting elec- 
tricity in a perpendicular direction of the device (i.e. an 
electrical path). To form the electrical path, a conductive 
material 30 such as a metallic thin film is formed to cover 
the inner surface of the longitudinal hole 20. Although 
the conductive material 30 Is preferably fonned by plat- 
ing, which makes formation of the material throughout . 
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a microscopic area easier, it may also be f onmed by dep- 
osition of metal in such cases where the diameter of the 
hole is large or a tapered surface is formed. The longi- 
tudinal hole 20 may be filled up inside with a conductive 
material such as metallic materials. 
[0070] An example of forming the conductive material 
30 by plating includes fonfning a deposited film of 20 nm 
in thk:kness on a wall inside the longitudinal hole 20 prior 
to plating copper (Cu) by deposition. The deposited film 
is made of titanium (Ti), platinum (Pt), gold (Au) or the 
like, each of which can make ohmic contact with the n- 
type contact layer 13. Thus the conductive material 30, 
or the plated layer is fonned on the wall inside the lon- 
gitudinal hole 20. The conductive material 30a may be 
fonned either by exclusively using materials capable of 
making ohmk: contact with the n-type contact layer 11 , 
or by plating or providing the conductive paste or the like 
inside the longitudinal hole 20 in which a film, which is 
made of materials capable of making ohmic contact and 
which contacts with the n-type contact layer 11, was 
fonned. 

[0071] The metallic materials to be filled into the lon- 
gitudinal hole 20 may include conductive paste, molten 
solder or metallic micro-balls. 
[0072] In the first embodiment, a part of the n-type 
contact layer 13 is exposed to form an exposure region 
by removing a part of the semiconductor layer 4 lami- 
nated thereon. In this embodiment, however, the sur- 
face, which makes contact with the semiconductor layer, 
of the contact layer 1 3 is fonned in a same planar shape 
as that of the semiconductor layer including the p-type 
contact layer 1 7 thereon; thus there is no such exposure 
region on the contact layer 13. 
[0073] The longitudinal hole 20 is fonned by laser ir- 
radiation in the drilling process. To reduce the damage 
to the semiconductor layer 4, it is preferable to irradiate 
the laser from the opposite surface (rear surface) of the 
substrate 11 to the surface (front surface) where the 
semiconductor layer 4 is formed. Although the longitu- 
dinal hole 20 is set to be a cylindrical shape with identical 
diameters from top to bottom, the completed hole 20 is 
slightly tapered. In this embodiment, for example, the 
rear surface of the substrate 11 may undergo a back- 
lapping process so that the thickness of the substrate 
1 1 is reduced from 350 njn-430 \im to about 45 ^lm be- 
fore the laser irradiation. The longitudinal hole 20 is 
formed in a mortar-shape with diameters at the opening 
and the bottom part respecth^ely 50 ^m and 40 ^m. 
[0074] A laser which emits light at a wavelength to be 
absorbed In the substrate 11 is selected, as in the first 
embodiment. Since the substrate 11 is a sapphire sub- 
strate, a short-wavelength laser of 500 or shorter is used 
here. In the second embodiment, as in the first embod- 
iment, an ultra violet laser of wavelength 355 nm which 
is the third harmonic of a YAG laser categorized as a 
solid-state laser is employed. Other lasers such as YAG 
laser's fundamental frequency of 1 ,060 nm, second har- 
monic of 533 nm or fourth hannonic of 266 nm may also 



EP 1 460 694 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



7 



13 

be employed. 

[0075] The intensity of the laser beam profile used 
herein shows a Gaussian distribution. The longitudinal 
hole 20 Is fomied to the extent that Its end reaches the 
n-type contact layer 1 3 but not reaches the cladding lay* 
er 14. 

[0076] As described above, the conductive nfmterlal 
30 connected to the n-type contact layer 13 comprises 
a metallic thin film suitable for making ohmic contact with 
the n-type contact layer 13. An electrode 32 is fomried 
on the p-type contact layer 17 to make ohmic contact 
therewith. The electrode 32 Is formed to cover the entire 
surface of the p-type contact layer 17. Alternately, the 
electrode 32 may be fomried to cover only a part of the 
p-type contact layer 1 7. The electrode 32 is a reflective 
electrode to reflect light generated In the device 1 . 
[0077] In such devices where light Is taken out from 
the electrode 32 side, the electrode 32 may be replaced 
with a light transmitting electrode though which light 
generated in the device 1 can pass. Apart from being 
translucent, the electrode 32 may be a comb electrode 
or a mesh electrode made of light-shielding materials, 
both structured to transmit light. In the second embodi- 
ment, a part of the semiconductor layer 4 above the n- 
type electrode is not removed, which may maintain the 
broad light emitting area when light Is taken out from the 
electrode 12 side. 

[0078] When light is not taken out from the electrode 
32 side, light transmitted through the electrode 32 may 
be reflected by a member disposed on the opposite side 
of the electrode 32 to the p-type contact layer 17. The 
member reflects the wavelength of light emitted from the 
device. 

[0079] As shown in Figs. 4 and 5, an electrode 33a is 
formed on the opposite surface of the substrate 11 to 
the surface where the semiconductor layer 4 is f omned. 
The electrode 33a is electrically connected to the con- 
ductive material 30a disposed inside the longitudinal 
hole 20. The conductive material 30 disposed inside the 
longitudinal hole 20 may also serve as the electrode 
33a. The electrode 33a also serves as a pad electrode 
34a with a predetenmined thickness. In the second em- 
bodiment, the pad electrode 34a is disposed to block 
the opening of the longitudinal hole 20 to minimize shad- 
ing areas as shown in Fig. 4. The pad electrode 34a may 
also be disposed apart from the longitudinal hole 20 in 
the same way as shown in Fig. 19, which will be de- 
scribed later. The planar dimension of the pad electrode 
34a is larger than that of the opening of the longitudinal 
hole 20. The pad electrode 34a is used for wire bonding. 
[0080] As shown in Fig. 4, the pad electrode 34a and 
the longitudinal hole 20 are disposed at one corner of 
the substrate 11 in the second embodiment. As shown 
in Figs. 6 and 7, however, they may also be disposed 
near the center of one side or at the center of the sub- 
strate 11 when viewed as a plane. The longitudinal hole 
20 is disposed inside a lateral surface 11a of the sub- 
strate 11 at a constant distance from the lateral surface 
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11a. 

[0081 ] As described above, a plurality of devtees 1 are 
fonmed on a substrate of about two inches in diameter 
as a wafer (not shown). After that, the wafer is divided 

5 into dices to make individual devices. For dividing the 
wafer, a laser beam used for the fomnation of the longi- 
tudinal hole 20 may also be employed to form grooves 
for division. Grooves for division may be formed on the 
opposite surface of the substrate 11 to the surface 

10 where the semiconductor layer 4 is fonned, or on the 
surface of the substrate 11 where the semiconductor 
layer 4 is fomned, or both the opposite surface of the 
substrate 11 to the surface where the semiconductor 
layer 4 is fonned and the surface of the substrate 11 

IS where the semiconductor layer 4 Is formed. When 
grooves for division are formed on the opposite surface 
of the substrate 11 to the surface where the semicon- 
ductor layer 4 is formed, the groove depth is set to ex- 
tend from the rear surface of the substrate 11 to just be- 

20 fore the active layer 15. In this embodiment, the groove 
depth is set to be somewhat shorter than the thickness 
of the substrate 1 1 so that a part of the substrate 1 1 re- 
mains. Even when grooves are fomned on .the surface 
of the substrate 11 where the semiconductor layer 4 is 

25 formed, the groove depth for division is preferably set to 
be 20-70% of the thickness of the substrate 11 . Parts of 
the semiconductor layer 4, which were damaged 
through laser-processing, are removed by dry etching. 
[0082] In the same manner of forming the grooves for 

30 division, deep grooves for making contact with the n- 
type contact layer 13 could be fonned on the rear sur- 
face of the substrate 1 1 in the form of a wafer in the lon- 
gitudinal and lateral directions so as to form a grid pat- 
tern. When the wafer having such a structure is divided, 

35 the division of the devices may start from the deep 
grooves, leading a high possibility of deformation of the 
devices. 

[0083] On the contrary, the longitudinal hole 20 
formed in the above-mentioned embodiment is different 
40 in shape from the grooves for division. The division of 
the devices cannot start from the longitudinal hole 20. 
thus preventing the deformation upon dh/lding the de- 
vices. 

[0084] Fig. 8 shows a light emitting apparatus com- 
<5 prising the light emitting device 1 . The light emitting de- 
vice 1 is inverted and disposed on a first lead electrode 
100 so that the substrate 11 lies on top for making the 
substrate 11a light extraction surface. The electrode 32 
of the device 1 is electrically connected to the first lead 
50 electrode 100 via a conductive material 101. The pad 
electrode 34a at the substrate 1 1 side and a second lead 
electrode 103 are electrically connected through a 
bonding wire such as a gold wire 104. 
[0085] When certain voltage or current is supplied to 
55 the second lead electrodes 100 and 103, an electrical 
path is formed through the first lead electrode 100, the 
conductive material 1 01 , the electrode 32, the semicon- 
ductor layer 4, the conductive material 30a, the elec- 
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trade 33a (34a), the bonding wire 104 and the second 
lead electrode 103 so that light can be taken out from 
the active layer 15. Therefore, there are few places in 
the electrical path wherein electric fields are concentrat- 
ed, resulting in a high ESD robustness. s 
[0086] Light which is output from the active layer 15 
is taken out of the devk:e 1 through the substrate 11 . If 
the light emitting device 1 is utilized for an LED indicator, 
the device 1 , the electrodes 100 and 103 should prefer- 
ably be molded with resin to improve the light extraction 
efficiency. 

[0087] Since each one of the pair of electrodes is dis- 
posed respectively on one side and the other side of the 
substrate 11, tight shaded by the electrodes can be re- 
duced as compared with a conventional example where 
both electrodes are disposed on the same side of the 
substrate, which Improves the light extraction efficiency, 
Furthemiore, working efficiency in assembling work 
may also be improved because wire bonding is needed 
only once. 

[0088] Next, a third embodiment will be described by 
referring to Figs. 9 and 10. Fig. 9 is a bottom plan view 
of the device 1, which con'esponds to Fig. 4. Fig. 10 is 
a cross sectional view taken along the line X-X of Fig. 
9, which corresponds to Fig. 5. Same reference notes 
are given to components which are common with the 
first embodiment shown in Figs. 1 and 2, and description 
of them will be omitted to avoid duplication of explana- 
tion. Differences will be described mainly. 
[0089] The third embodiment is characterized by add- 
ing a groove 35 and a conductive material 36 disposed 
therein to the second embodiment. In other words, the 
groove 35 which does not pass through the semicon- 
ductor device 1 is formed on the rear surface of the sub- 
strate 1 1 . The end of the groove 35 contacts the n-type 
contact layer 13. 

[0090] As the above-mentioned longitudinal hole 20, 
the groove 35 Is formed by irradiating a laser. The 
groove 35 is joined to the longitudinal hole 20 and they 
are interconnected. The groove 35 is formed inside a 
lateral surface 1 1 a of the substrate 1 1 , at a constant dis- 
tance from the lateral surface 1 1 a so that the groove 35 
does not protrude beyond the lateral surface 11a. The 
groove 35 takes the fomn of a hollow square when 
viewed as a plane. The sides of the groove 35 extend 
along the outer edges of the substrate without Intersect- 
ing each other so that the substrate outside the groove 
35 is continuously remained like a frame. Thus an ad- 
verse effect caused by the groove 35 in dividing the de- 
vices can be reduced. 

[0091 ] A conductive material 36 is formed on surfaces 
of the groove 35. Although the conductive material 36 
Is fonned from the same material as, and simultaneous- 
ly with the conductive material 30 used to fonm the elec- 
trical path in the longitudinal hole 20, it may also be sep- 
arately formed from a material of the same kind. The 
conductive material 36 makes ohmic contact with the n- 
type contact layer 1 3 to be electrically connected there- 
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to. Therefore, the area in which the n-type contact layer 
13 and the electrode 33a are electrk»lly connected is 
larger than that of the second embodiment. If the con- 
ductive material 36 is fonned by making a metal capable 
of making ohmic contact with the n-type contact layer 
13 ultra-thin, the conductive material 36 may be a trans- 
lucent material which light from the active layer 1 5 pass- 
es through. If the conductive material 30 is fonned by 
making a metal capable of making ohmic contact with 
the n-type contact layer 13 ultra-thin, the conductive ma- 
terial 30 may be a translucent material which light from 
the active layer 15 passes through. The light extraction 
efficiency can be greatly improved, as compared to light 
shielding types of conductive materials, if the whole or 
a part of the conductive material 36 or the conductive 
material 30 is translucent. This light emitting device is 
also utilized in a light emitting apparatus like aforemen- 
tioned embodiments. 

[0092] Next, a fourth embodiment will be described by 
referring to Figs. 11 and 12. Fig. 1 1 is a bottom plan view 
of the device 1 , which corresponds to Fig. 1 . Fig. 12 is 
a cross sectional view taken along the line X-X of Fig. 
11 , which corresponds to Fig. 2. Same reference notes 
are given to components which are common with the 
embodiment shown in Figs. 1 and 2, and description of 
them will be omitted to avoid duplication of explanation. 
Differences will be described mainly. 
[0093] The fourth embodiment is characterized, by 
adding a groove 35 and a conductive material 36 dis- 
posed therein to the first embodiment. In other words, 
the groove 35 which does not pass through the semi- 
conductor device 1 is fonned on the rear surface of the 
substrate 11 . The end of the groove 35 contacts the n- 
type contact layer 13. 

[0094] As the above-mentioned through hole 2, the 
groove 35 is fonned by irradiating a laser. The groove 
35 is joined to the through hole 2 and they are intercon- 
nected. The groove 35 is fonned inside a lateral surface 
11a of the substrate 11 so that the groove 35 does not 
protrude beyond the lateral surface 11 a of the substrate 
11 . A conductive material 3a is fonned on the wall inside 
the through hole 2. 

[0095] Similar to the third embodiment, the groove 35 
takes the form of a hollow square when viewed as a 
plane. The electrode material 36 made of the same or 
the same kind of a material as the conductive material 
3a for the electrical path fonned on the wall inside the 
through hole 2 is fonned Inside the groove 35. The elec- 
trode material 36 makes ohmic contact with the n-type 
contact layer 13 to be electrically connected thereto. 
Therefore, the area In which the n-type contact layer 13 
and the electrode 33 are electrically connected is larger 
than that of the first embodiment. 
[0096] Next, a fifth embodiment will be described by 
referring to Figs. 1 3 and 1 4. Fig. 1 3 is a bottom plan view 
of the device 1 , which corresponds to Fig. 1 . Fig. 14 is 
a cross sectional view taken along the line X-X of Fig. 
13, which corresponds to Fig. 2. Same reference notes 
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are given to components which are conrvnon with the 
first embodiment shown in Figs. 1 and 2, and description 
of them will be omitted to avoid duplication of explana- 
tion. Differences will be described mainly. 
[0097] The fifth embodiment is characterized by add- 5 
ing longitudinal holes 37« electrode materials 38 dis- 
posed therein and an electrode 39 for connecting the 
electrode materials 38 at the rear surface of the sub- 
strate 11 to the first embodiment. In other words, a plu- 
rality of longitudinal holes 37 which do not pass through 
the semiconductor device 1 are fomned on the rear sur- 
face of the substrate 11. The ends of the longitudinal 
holes 37 contact the n-type contact layer 13. As the 
above-mentioned through hole 2, the longitudinal holes 
37 are fonmed by irradiating a laser. The longitudinal 
holes 37 are formed independently without being joined 
to the through hole 2. The longitudinal holes 37 are 
fonned inside a lateral surface 11a of the substrate 11 
so as not to protrude beyond the lateral surface 11a of 
the substrate 11. The longitudinal holes 37 are formed 
in the vicinity of three comers of the substrate 1 1 , except 
a corner where the through hole 2 is disposed. A con- 
ductive material 3b is fonned on the wall inside the 
through hole 2. The electrode materials 38 made of the 
same or the same kind of a material as the conductive 
material 3b formed inside the through hole 2 is fomned 
on the wall inside the longitudinal holes 37. The conduc- 
tive material 38 makes ohmic contact with the n-type 
contact layer 13 to be electrically connected thereto. 
[0098] The electrode 39 which connects the conduc- 
tive material 3b in the though hole 2 and the electrode 
materials 38 in the longitudinal holes 37 is fomned simul- 
taneously with forming the electrode 33. The conductive 
material 3b and the electrode materials 38 are intercon- 
nected on the rear side of the substrate 11 via the elec- 
trode 39. The electrode materials 38 in the longitudinal 
holes 37 are also interconnected by the material of the 
electrode 33 which fomns the pad electrode 34. There- 
fore, the area in which the n-type contact layer 13 and 
the electrode 33 are electrically connected is larger than 
that of the first embodiment. Also, the area where the 
electrode inside the longitudinal holes 37 shades light 
can be smaller, as compared to the fourth embodiment. 
[0099] In each of the above-described embodiments, 
a pad electrode 40 of a certain thickness may be addi- 
tionally fonned on the electrode 32 as shown in Fig. 14, 
If the electrode 32 is a thin, light-transmitting type elec- 
trode, or an electrode is needed for the purpose of wire 
bonding. 

[01 00] A sixth embodiment illustrated in Figs. 1 5 and 
16 shows a fonnatlon of a mesa by means of etching 
circumferences of the p-type contact layer 17, p-type 
cladding layer 18, active layer 15 and n-type cladding 
layer 1 4 to expose the n-type contact layer 1 3 and a fab- 
rication of an electrode on the exposed n-type contact 
layer to electrically connect the n-type contact layer 13 
and the through hole 2. These enable the electric cun-ent 
to be widely distributed through the semiconductor while 
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preventing a cun^ent concentration on some p-n junction 

interfaces, thus enhancing ESD robustness. 

[01 01 ] Next, a seventh embodiment will be described 

by referring to Figs. 17 and 1 8. Fig. 17 is a bottom plan 
view of the device 1, which corresponds to Fig. 4. Fig. 
18 is a cross sectional view taken along the line X-X of 
Fig. 17, which corresponds to Fig. 5. Same reference 
notes are given to components which are common with 
the above-described embodiments, and description of 
them will be omitted to avoid duplication of explanation. 
Differences will be described mainly, 
[0102] The seventh embodiment is characterized by 
adding longitudinal holes 37a, conductive materials 38a 
disposed therein and an electrode 39a for connecting 
the conductive materials 38a at the rear surface of the 
substrate 11 to the second embodiment. A plurality of 
longitudinal holes 37a which do not pass through the 
semiconductor device 1 are formed on the rear surface 
of the substrate 11. The ends of the longitudinal holes 
37a contact the n-type contact layer 13. As the above- 
mentioned longitudinal hole 20, the longitudinal holes 
37a are formed by irradiating a laser. The longitudinal 
holes 37a are fonned independently without being 
joined to the longitudinal hole 20. The longitudinal holes 
37a are fonmed inside a lateral surface 11a of the sub- 
strate 11 so as not to protrude beyond the lateral surface 
11a of the substrate 11. The longitudinal holes 37 are 
fonned in the vicinity of three comers of the substrate 
11 , except a comer where the longitudinal hole 20 is dis- 
posed. The conductive materials 38b made of the same 
or the same kind of a material as the conductive material 
31 a fonned inside the longitudinal hole 20 is formed on 
the wall inside the longitudinal holes 37a. The conduc- 
tive materials 38b make ohmic contact with the n-type 
contact layer 13 to be electrically connected thereto. 
[01 03] The electrodes 33a and 39a which connect the 
conductive material 31a in the longitudinal hole 20 and 
the conductive materials 38a in the longitudinal holes 
37a are formed by simultaneously fonning both materi- 
als 33a and 39a. The conductive material 31 a and the 
conductive materials 38b are interconnected at the rear 
side of the substrate 11 via the electrode 39a. The elec- 
trode material 31a in the longitudinal hole 20 and the 
conductive materials 38b in the longitudinal holes 37a 
are Interconnected also by a material of the electrode 
33a which forms the pad electrode 34. If the electrode 
39a is translucent, the electrode 33a on the electrode 
39a should preferably be removed except for the pad 
electrode 34 to prevent the electrode 33a from shading 
light. Therefore, the area In whrch the n-type contact lay- 
er 13 and the electrode 33a are electrically connected 
is larger than that of the second embodiment. Also, the 
area where the material inside the longitudinal hole 20 
shades light can be smaller, as compared to the third 
embodiment. Like aforementioned embodiments, this 
light emitting device is utilized in a light emitting appa- 
ratus with an arrangement where the substrate 11 lies 
on top as shown in Fig. 8. 
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[01 04] In each of the above-described embodiments, 
a pad electrode 40 of a certain thickness may be fomied 
additionally on the electrode 32 as shown in Fig. 18, if 
the electrode 32 is a light'transmitting electrode or an 
electrode is needed for the purpose of wire bonding. By 
doing so, the device of Fig. 18 can be incorporated as 
it is into the light-emitting apparatus of Fig. 8, in other 
words, the surface of the substrate 1 1 on which the sem- 
iconductor layer 4 is formed can be used as a light ex- 
tracting surface. In this case, the electrode 33 on the 
substrate 11 side is connected with the first lead elec- 
trode 100, while the electrode 40 on the opposite side 
is connected with the second lead electrode 103 with 
wire bonding. 

[0105] Next, an eighth embodiment will be described 
by referring to Figs. 19 and 20. Fig. 19 is a bottom plan 
view of the device 1 , which corresponds to Fig. 4, Fig. 
20 is a cross sectional view taken along the line X-X of 
Fig. 19, which corresponds to Fig. 1. Same reference 
notes are given to components which are common with 
the above-described embodiments and description of 
them will be omitted to avoid duplication of explanation. 
Differences will be described mainly. 
[0106] The eighth embodiment is characterized by 
that the cross sectional shape of the longitudinal hole 
20 of the second embodiment is tapered toward the 
depth direction and that the pad electrode 34b connect- 
ed to the conductive material 31 a is disposed separately 
from the longitudinal hole 20a. In other words, the shape 
of the longitudinal hole 20a is changed from a cylindrical 
shape to a truncated cone shape. Such a longitudinal 
hole 20a may be formed by laser-processing, for exam- 
ple, using a laser having intensity distribution in which 
Intensity peaks of the laser with a Gaussian beam profile 
are truncated (beam profile of a shaped beam). 
[0107] Since the longitudinal hole 20a is shaped as 
described above, the conductive material 30a can be 
easily fornied to a predetemriined thickness on a wall 
inside the hole 20a from the rear side of the substrate 
1 1 by deposition, sputtering and so on. Also, the slanted 
surface of the longitudinal hole 20a can be utilized as a 
light reflecting surface. Like aforementioned embodi- 
ments, this light emitting device is also utilized in a light 
emitting apparatus with an an^angement where the sub- 
strate 11 lies on top as shown in Fig. 21 . 
[01 06] Although the longitudinal hole 20a is disposed 
at the center of the substrate and the pad electrode 34b 
is disposed adjacently to the center of a side next to 
electrode 34b, the disposition may be changed as 
shown in. Fig. 22. Fig. 22(a) shows an example where 
the longitudinal hole 20a is disposed at the center of the 
substrate while the pad electrode 34a is disposed at a 
corner of the substrate 1 1 . Fig. 22(b) shows an example 
where the longitudinal hole 20a is disposed at one com- 
er on one diagonal line of the substrate 1 1 while the pad 
electrode 34b is disposed at the other comer on the di- 
agonal line of the substrate 11 . Fig. 22(c) shows an ex- 
ample where the longitudinal hole 20a is disposed ad- 



jacently to the center part of a side of the substrate 11 
while the pad electrode 34b is disposed at a comer of 
the substrate 11. Fig. 22(d) shows an example where 
the longitudinal holes 20a are disposed at both comers 

5 on one diagonal line of the substrate 11 while the pad 
electrode 34b is disposed at a comer on the other diag- 
onal line of the substrate 34a. 
[0109] Like aforementioned embodiments, this light 
emitting device is also utilized in a light emitting appa- 

10 ratus with an arrangement where the substrate 1 1 ties 
on top as shown in Fig. 21 . 

[01 10] The present invention is not limited to the em- 
bodiments described above, but can be modified in var- 
ious ways without departing from subject matters of the 

15 invention. For example, the invention may be applicable 
to a device utilizing a semiconductor substrate other 
than an insulative substrate as the substrate 11. 
[0111] As described above, the present invention re- 
alizes a high-efflciency light extraction. Also the present 

20 invention can enhance ESD robustness of a device. 
[01 1 2] The device can be mounted easily to a proper 
position by only aligning the second conductivity type 
semiconductor layer with the base. 

25 Industrial Applicability 

[01 1 3] As described above, the compound semicon- 
ductor light emitting device of the present invention is 
suitable for a blue light emitting diode, a blue laser diode 
30 and the like. 



Claims 

35 1. A compound semiconductor light emitting device 
comprising: 



an insulative substrate; 

a semiconductor layer including a plurality of 
semiconductor thin films laminated on one sur- 
face of the insulative substrate to form an active 
layer; 

one electrode provided on top surface of the 

semiconductor layer; 

the other electrode provided on the other sur- 
face of the insulative substrate; 
an exposure region fonmed by removing semi- 
conductor films on a first semiconductor thin 
film layer so that the first semiconductor thin 
film layer to be connected to the other electrode 
is exposed; 

a through hole formed in the exposure region 
so as to penetrate the insulative substrate and 
the first semiconductor thin film layer; and 
an electrical path formed in the through hole to 
electrically connect the first semk:onductorthin 
film layer and the other electrode. 
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2. The compound semiconductor light emitting device 
according to claim 1 , wherein 

the electrical path is comprised of either a 
conductive material formed on a wall inside the 
through hole or a conductive material filled in the 
through hole. 

3. The compound semiconductor light emitting device 
according to claim 1 , wherein 

the electrode for the electrical path provided 
on the other surface of the insulative substrate com- 
prises a pad electrode for wire bonding. 

4. The compound semiconductor light emitting device 
according to any one of claims 1 to 3, wherein 

the Insulative substrate is a sapphire sub- 
strate; and 

the semiconductor thin film layer is a gallium 
nitride compound semiconductor layer 

5. The compound semiconductor light emitting device 
according to any one of claims 1 to 4, wherein 

the one electrode is electrically connected to 
a base; and 

light is extracted mainly from the insulative 
substrate side. 

6. The compound semiconductor light emitting device 
according to any one of claims 1 to 5, wherein 

a diameter of the through hole ranges from 
SO^mto lOOjim. 

7. The compound semiconductor light emitting device 
according to any one of claims 1 to 6, wherein 

a groove or a longitudinal hole in addition to 
the through hole is formed in the insulative sub- 
strate so that the electrode provided on the other 
surface of the insulative substrate and the first sem- 
iconductor thin film layer are electrically connected 
through an electrical path in addition to the electrical 
path. 



10 



forming a through hole in the exposure re- 
gion so as to penetrate the insulative sub- 
strate and the first semiconductor layer by 
laser-processing; and 
electrically connecting the electrode pro- 
vided on the other surface of the insulative 
substrate and the first semiconductor thin 
film layer through an electrical path fonrtied 
in the through hole. 



9. The manufacturing method of the compound semi- 
conductor light emitting device according to claim 
8, wherein 

the through hole penetrating the device is 
IS formed in the exposure region by irradiating a laser 
from the laminated semiconductor layer side. 

10. The method of the compound semiconductor light 
emitting device according to claim 7, wherein 

20 an inside of the through hole is cleaned by dry 

etching after the through hole is formed. 

11. The method of the compound semiconductor light 
emitting device according to claim 8, 

25 wherein 

an Inside of the through hole is cleaned by dry 
etching using chloride or fluoride gas after the 
through hole Is formed. 

30 12. The manufacturing method of a compound semi- 
conductor light emitting device according to claim 
8, wherein 

a wafer including a plurality of the light emit- 
ting devices is divided into individual light emitting 
3S devices along grooves formed by laser-processing. 

13. The method of the compound semiconductor light 
emitting device according to claim 12, wherein 
semiconductor layers damaged by laser- 
40 processing are removed by dry etching using chlo- 
ride or fluoride gas after the grooves are formed. 



8. A manufacturing method of a compound semicon- 
ductor light emitting device comprising: 

laminating a plurality of semiconductor thin 
films to fomi a semiconductor layer on one sur- 
face of an insulative substrate in order to form 
an active layer; and 

providing one electrode on top surface of the 
semiconductor layer, and the method further 
comprising: 

fonming an exposure region by removing 
semiconductor filnis on a first semiconduc- 
tor layer so that a first semiconductor thin 
film layer to be contacted with the other 
electrode is exposed; 



45 



50 



55 



14. The method of the compound semiconductor light 

emitting device according to claim 12, wherein 

laser-processing for fonning the grooves Is 
performed 

from the insulative substrate side, or 
from the laminated semiconductor layer 

side, or 

from both the insulative substrate side 
and the laminated semiconductor layer side. 

15. A compound semiconductor light emitting device 
comprising: 

an insulative substrate; 

a semiconductor layer including a plurality of 
semiconductor thin films laminated on one sur- 
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face of the insulative substrate to form an active 

layer; 

one electrode provided on top surface of the 
semiconductor layer, 

the other electrode provided on the other sur- 5 
face of the insulative substrate; 
a longitudinal hole formed by laser-processing, 
the hole penetrating the insulative substrate 
and having a depth reaching a first semicon- 
ductor thin film layer to be connected to the oth- 
er electrode; and 

an electrical path made of a conductive material 
fonned in the longitudinal hole to electrically 
connect the first semiconductor thin film layer 
and the other electrode. 



16. The compound semiconductor light emitting device 
according to claim 15, wherein 

the conductive material is wholly or partially 
translucent. 

17. The compound semiconductor light emitting device 
according to claim 15, wherein 

the longitudinal hole is covered with a pad 
electrode with a larger diameter than a diameter of 
the longitudinal hole. 

18. The compound semiconductor light emitting device 
according to any one of claims 15 to 17, wherein 

the longitudinal hole is fomied inside a lateral 
surface of the substrate at a constant distance from 
the lateral surface. 

19. The compound semiconductor light emitting device 
according to claim 15, wherein 

a pad electrode is disposed apart from the lon- 
gitudinal hole on the other surface of the insulative 
substrate; and 

the pad electrode and the conductive material 
are electrically connected. 

20. The compound semiconductor light emitting device 
according to any one of claims 15 to 19, wherein 

a diameter of the longitudinal hole ranges 
from 30)im to 100p.m. 

21 . The compound semiconductor light emitting device 
according to any one of claims 15 to 20, wherein 

a cross sectional shape of the longitudinal 
hole is tapered toward a depth direction. 

22. The compound semiconductor light emitting device 
according to any one of claims 15 to 21 , wherein 

the insulative substrate is a sapphire sub- 
strate; and 

the semiconductor thin film layer is a gallium 
nitride compound semiconductor layer. 



23. The compound semiconductor light emitting device 
according to any one of claims 15 to 22, wherein 

light is extracted mainly from the Insulative 
substrate side. 

24. The compound semiconductor light emitting device 
according to claim 15, wherein 

a plurality of the longitudinal holes are fomied; 

and 

conductive materials disposed In the plurality 
of the longitudinal holes are Interconnected on the 
other surface of the insulative substrate. 

25. The compound semiconductor light emitting device 
according to claim 15, wherein 

the longitudinal hole Is fomied by irradiating a 
laser from the insulative substrate side. 

26. The compound semiconductor light emitting device 
20 according to claim 15, wherein 

an inside of the longitudinal hole is cleaned by 
dry etching using chloride or fluoride gas after the 
longitudinal hole is fomned. 

25 27. A manufacturing method of a compound semicon- 
ductor light emitting device comprising: 

laminating a plurality of semiconductor thin 
films to form a semiconductor layer on one sur- 

30 face of an insulative substrate in order to fonn 

an active layer; and 

providing one electrode on top surface of the 
semiconductor layer, and the method further 
comprising: 

35 

forming a longitudinal hole by laser- 
processing so as to have a depth reaching 
from the other surface of the insulative sub- 
strate to a first semiconductor thin film layer 
40 to be connected to the other electrode; and 

electrically connecting the electrode pro- 
vided on the other surface of the insulative 
substrate and the first semiconductor thin 
film layer through a conductive material 
<5 fomied in the longitudinal hole. 

28. The manufacturing method of a compound semi- 
conductor light emitting device according to claim 

27, wherein 

50 a wafer including a plurality of the light emit- 

ting devices is divided into individual light emitting 
devices along grooves formed by laser-processing. 

29. The manufacturing method of a compound semi- 
55 conductor light emitting device according to claim 

28, wherein 

semiconductor layers damaged by laser- 
processing are removed by dry etching using chlo- 
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ride or fluoride gas after the grooves are formed. 

30. The manufacturing method of a compound semi- 
conductor light emitting device according to claim 
29, wherein 5 

laser-processing for forming the grooves are 
performed 

from the insulative substrate side, or 
from the laminated semiconductor layer 

side, or io 
from both the Insulative substrate side 

and the laminated semiconductor layer side. 
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Fig. 4 




FiG.S 



S 



I//// vvy V v y V vvvv V V V V vv yy: 





V V V V V V V V V V V V y y y > y 





17 



EP 1 460 694 A1 




18 



EP 1 460 694 A1 



Fig. 8 
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Fig. 1 1 
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Fig. 13 
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Fig. 19 
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